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Abstract 
The variable speed limit (VSL) system has been implemented on many freeways and urban arterials as 
a link control strategy. Objectives for deploying VSL systems may include giving advance warning, 
stabilize and smooth traffic (i.e. harmonization). Accuracy and reliability of the messages displayed by 
VSL systems can “make or break” its successful implementation. The aim of this paper was to present 
methods for evaluating VSL systems.  As VSL systems may be implemented with different control 
strategies, an approach for assessing different features of the system independently was adopted. In 
this way, systems with different control strategies can be evaluated. Methods for assessing incident 
detection, warning and harmonization abilities were presented. A case study on the VSL system on the 
Autobahn A99 near Munich, Germany was also discussed.   
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1 Introduction 
Active traffic management (ATM), including the variable speed limit (VSL) system, is seen as a 
more dynamic approach in managing congestions. In Germany and other advanced countries, VSL 
systems have been deployed on high traffic freeways, arterial roads, and in work zones. Basically, 
VSL systems use dynamic speed limits to manage traffic. This control system aim to systematically 
dampen speeds to stabilize and smooth traffic, usually based on the prevailing measured traffic flow, 
speed, density, or weather condition. Some systems, in addition to the displayed variable speed limits, 
provide extra information (e.g. congestion, slippery road, roadworks, etc.) justifying the speed limit. It 
has been established that compliance levels are higher if the displayed speed limit is accompanied by 
an explanation of the reason behind the displayed speed (Steinhoff, Kates, Keller, & Faerber, 2001). 
Earlier research works have documented the ability of VSL systems to improve traffic safety, 
environmental pollution and noise (Lee, Hellinga, & Saccomanno, 2004; Bel & Rosell, 2013; Mott 
MacDonald, 2008). While VSL systems have not been established to increase traffic flow (Weikl, 
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Bogenberger, & Bertini, 2013; Papageorgiou, Kosmatopoulos, & Papamichail, 2008), researchers 
have argued that its safety improvement ability will result in decreasing congestion due to traffic 
crashes.     
Installation of VSL system on a road corridor is capital intensive. Accuracy and reliability of the 
variable speeds and messages displayed by the system, can “make or break” its successful 
implementation. Incorrect information will lead to drivers disregarding warning messages. This paper 
aims to present methods for assessing VSL systems.  This can be helpful for service providers in 
evaluating the system’s effectiveness, thereby enhancing the credibility of the system.  
2 Review of Literature 
Previous works on assessing VSL systems include the study of the system in Antwerp, Belgium 
(Corthout, Tampère , & Deknudt, 2010) which used vehicle trajectories, integrated from speed data, to 
evaluate the system’s warning effectiveness based on detection rate (DR) and false alarm rate (FAR). 
The study, considered the speed displayed by the first upstream gantry of a bottleneck in its 
evaluation. If the difference between the displayed speed at the upstream gantry, and the lower bound 
of the detected speed in the segment is within an allowable deviation (taken as a one-step speed 
difference between two successive gantries, e.g. 10 km/h or 20 km/h depending on how speed is 
decremented at the site), warning is assessed to have been detected. Vukanovic (2007), without access 
to standard deviation of speed data, evaluated harmonization (the ability of VSL system to smooth 
traffic) by comparing driven speed to control speed. If the traffic flow is in the synchronized state, and 
if the driven speed does not deviate significantly (defined by a measure of range of the VSL and ‘bias’ 
or ‘offset’) from the control speed, the system is assumed to have harmonized traffic. Later studies 
(e.g. Downey, 2015; Nissan, 2010), have employed the standard deviation of speeds to evaluate 
harmonization potential of VSL systems. Traffic flow variables such as headway and lane distribution 
have also been used in “before-and-after” studies, or compared the test site with a control site to assess 
VSL systems’ ability to harmonize and improve safety (Lucky, 2014; Weikl, Bogenberger, & Bertini, 
2013; Downey, 2015). Nissan (2010); Piao & McDonald (2008), through simulation studies, also 
assessed VSL systems’ ability to improve traffic flow and safety.  
3 Features of VSL Systems 
Garcia-Castro & Monzon (2014) classified VSL control systems into two: scheduled variable 
speed limit and dynamic speed limit. Scheduled VSL depend on a pre-established timetable based 
mostly on historical data whereas dynamic VSL uses real-time traffic data and weather information. 
The problem with the scheduled system is that it is unable to deal with non-recurrent congestions. This 
study focuses on dynamic VSL systems. A dynamic VSL system is expected to firstly detect and alert 
the control of any changes in the traffic environment. This component of VSL systems is very 
important in dealing with the volatile nature of traffic on freeways. After an incident is detected, a 
corresponding warning message and/or speed must be displayed. The algorithm for warnings depends 
on input from incident detection. Consequently, correctly detected incidents may result in efficient 
warning. A feature of VSL systems is also to smooth traffic. Speed harmonization is defined as the 
reduction of speed differences among vehicles and of mean speed differences among lanes 
(Papageorgiou, Kosmatopoulos, & Papamichail, 2008). Reduced speed differences ensures that 
vehicles travel with a more consistent speed, decrease lane changing maneuvers which lead to fewer 
traffic conflicts, decreases noise and reduces environmental pollution. It is our view that if a VSL 
system is implemented with a set of control strategies, an assessment on the system should encompass 
all the strategies.   
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4 Method of Analysis 
Methods for evaluating three features of VSL systems, namely incident detection, warning and 
harmonization are presented. Incident detection is assessed by comparing the ratios of space-time 
areas covered by congestion messages of the VSL, and the ground truth areas of traffic congestion 
(Ackaah, Huber, & Bogenberger, 2015). It is then graded in the context of the method proposed by 
Bogenberger (2003). Warning ability assessment takes into consideration the warning distance, traffic 
condition, and the appropriateness of the displayed warning or otherwise (Ackaah, Huber, & 
Bogenberger, 2015) and is also graded by adapting the method developed by Bogenberger (2003).  
Two approaches are proposed to assess harmonization: (i) the ability of the system to reduce speed 
differentials using the coefficient of variation of speeds as a measure and (ii) consistency, defined as 
the ability of the system to systematically vary the displayed speeds (Ackaah, Huber, Bogenberger, & 
Bertini, 2016). Details of the methods are described below. 
4.1 Assessing Incident Detection 
The steps in evaluating incident detection ability of VSL systems are as follows: 
         » generation of ground truth (GT) 
              » discretization of the ground truth  
                   » space-time representation of messages displayed  
                        » superimposition of discretized GT and messages 
                             » grading using Qualitätskennziffern (QKZ) Method  
 
Generation of Ground Truth 
Inductive loop detector data are only aggregated at specific locations and time intervals. Because 
of this, a reconstruction of the traffic state (ground truth) to estimate traffic variables (speeds and 
flows) for the whole stretch of road is required. The adaptive smoothing method (ASM), developed by 
Treiber & Helbing (2002), was used for this purpose. The ASM takes the characteristic propagation 
velocities of information observed in free and congested traffic, i.e., upstream and downstream 
directions, respectively into account. Figure 1 shows an example of the GT generation for speed. 
 
Discretization of Ground Truth 
The VSL and message information are displayed on gantries installed along the road at specific 
locations. The information provided on a gantry represents the entire downstream segment until the 
next gantry is reached. The idea behind the generation of the GT is to make it possible to compare the 
prevailing speed to the messages displayed. Unfortunately, the GT is continuous whilst the 
information is discrete (bounded by the gantry locations). In order to make it possible for the 
comparison, the GT is discretized to assume the same grid as the positions of the gantries. Each cell is 
represented with the minimum speed value within the segment to form the min-TGT matrix. The aim 
is to identify congested regions between the gantries. This is determined by checking whether the 
minimum detected speed (Vmin) lies below a certain threshold (Vcrit). If Vmin < Vcrit, the segment is 
classified as congestion region. Figure 2 shows a discretized GT for the traffic situation in Figure 1.  
 
Representation of VSL and Message Signs  
VSL and message information displayed to drivers are also logged in addition to the detector data. 
Therefore, spatial-temporal matrices containing all speeds and messages displayed to drivers can also 
be produced. Spatially, the information is controlled by the positions of the gantries. Since the system 
is dynamic, the time ranges for which a speed limit or messages are displayed determine the temporal 
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extent. Figures 3 and 4 show a graphical representation of VSL and message signs, respectively. It is 
worthy to note that in congested traffic situations (speeds < 60 km/h) and in free flowing conditions 
(speeds >120 km/h), the VSL system at the study location does not display any speed information. 
However, the message “congestion” is displayed in congested traffic. Congested traffic is represented 
with a speed of 30 km/h whereas free flowing traffic is represented with a speed of 130 km/h in this 
study. The white lines on Figures 3 and 4 represent trajectories and will be discussed later on.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Grading of Incident Detection – QKZ Method 
The QKZ method is then used to grade the system’s performance. The method, which was 
developed by Bogenberger (2003) and was used to assess the quality of real-time traffic information 
(RTTI), compares the space-time area of the actual traffic state (reality) to the space-time area of 
traffic information. Referring to Figure 5, supposing the actual congestion areas are represented by an 
area E and the message sign areas by A, the intersection area D is where E and A match in space and 
time. Two indices are defined to measure quality: quality index one (QKZ1), which is the detection rate 
(DR), and quality index two (QKZ2), the false alarm rate (FAR). Formulas for calculating QKZ1 and 
QKZ2 are as presented in Equations 1 and 2, respectively. Values of the indices range from 0% to 
100% and grades from A (very good) to F (poor) are implemented on the quality
 
diagram as shown in 
Figure 6. 
 
 
Figure 1: Reconstruction of ground truth speed 
 
Figure 2: Discretization of ground truth speed 
Figure 3: Space-time representation of VSL Figure 4: Space-time representation of messages 
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4.2 Assessing Warning Ability 
Listed below are the steps for evaluating the warning ability of VSL systems. The traffic state has 
been reconstructed according to Treiber & Helbing (2002) and the spatio-temporal representations of 
traffic information produced as previously explained. Next, trajectories are constructed to simulate 
vehicles. 
         » generation of ground truth 
              » space-time representation of VSL and messages displayed 
                   » generation of virtual trajectories 
                        » Classification of Scenarios 
                             » grading using modified QKZ Method  
 
Generation of Virtual Trajectories 
The generation of virtual trajectories is done to help determine the information drivers encounter as 
they traverse the route. The method used in Huber, Bogenberger, & Bertini (2014) is applied for the 
trajectory generation. This is possible as the ASM results in a high density space-time grid based 
speed function from which trajectories can be computed by simply solving ordinary differential 
equations. These trajectories are generated at a specified starting time interval to cover the whole 
spatio-temporal region. Considering each generated trajectories separately, the VSL and warning 
message displayed at the time a vehicle passes a gantry can be determined. The examples in Figures 3 
and 4 (white lines) show generated trajectories superimposed on VSL and message signs, respectively. 
Classification of Scenarios  
Advance warnings alert road users of unexpected conditions ahead of them and form an important 
part of VSL systems. Giving enough advance warning is required as drivers may not have time to 
react and make the necessary maneuvers if the distance is short, or may forget or assume a false alarm 
if the warning is placed too far ahead of the bottleneck.  Relying on recommendations from FHWA  
(2009) and our engineering judgement, a warning distance of between 300 m and 3500 m from the tail 
of a bottleneck is considered appropriate on freeways. 
Ten scenarios have been identified as possible encounters by drivers on the road. These scenarios 
have been grouped into 3 broad categories based on the distance (d) from the tail of incident and the 
prevailing traffic environment.  The 3 broad categories are: (A) long distance warnings – d > 3500 m 
 
Figure 5: Estimation of QKZ1 and QKZ2 Figure 6: QKZ Quality Diagram 
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(B) short distance warnings – d ≤ 3500 m and (C) warning in congestion - receiving information while 
in congestion. For evaluating scenario types A and C, all gantries passed by a vehicle are assessed 
individually. But, in scenario of type B, all gantries upstream of the congestion are considered as a 
unit. This is because, every message displayed within the recommended distance of displaying 
advance warning is crucial and any inconsistency may result in a crash. Subsequently, each of the 
scenarios is categorized as being of positive or negative significance to the VSL system and 
weightings (wi) are awarded depending on its influence on road traffic safety. The 10 scenarios and 
their weightings are explained below. 
 
A - Long Distance Warnings (d > 3500 m) 
A.1 - Warning in Free Flowing Traffic (d > 5000 m): Drivers receive a warning message which 
does not correspond to the traffic situation. It is a negative situation and receives a full weighting of 1.   
A.2 - Warning distance too far (3500 ≤ d ≤ 5000 m): Congestion warning is given but it is placed 
too far in advance of the condition. This scenario is considered as negative but it is weighted 
differently from where there is no warning. A linear weighting between 0 and 1 is used for distances 
between 3500 m and 5000 m with distance 5000 m attracting the highest weight of 1.   
A.3 - No Warning in Free Flowing Traffic (d > 3500 m): This situation represents an ideal 
situation in free flowing traffic.  However, in the context of the QKZ method, this is not considered as 
it cannot be assigned to any of the areas. It also ensures that the system does not get evaluated when it 
is deactivated.  
B - Short Distance Warnings (d ≤ 3500 m) 
B.1 – No Warning at Last Gantry before Congestion: Under this condition, drivers are not warned 
and are taken by surprise of the downstream bottleneck. This may result in rear-end collisions. It 
represents the negative extreme case in congested situations and should get a weight of 1. 
B.2 – Warning at last gantry before Congestion (300 ≤ d ≤ 3500 m) but no Warning at the Next 
Upstream Gantry: Situations in which there is congestion downstream and the driver receives timely 
warning message. This represents an ideal case in congestion and attracts the full weight of 1. 
B.3 - Warning at Last Gantry before Congestion but no Warning at Next Upstream Gantry (0 ≤ d 
< 300 m): Here, a warning is given but the distance is not enough to allow adequate reaction. This 
should be considered differently from scenario B.1 (no warning). A linear weighting between 0 and 1 
is suggested for distances between 100 m to 300 m with a distance of 300 m attracting the lowest 
weight. Messages displayed at a distance of less than 100 m are considered as scenario B.1.  
B.4 - At Least the Last Two Upstream Gantries before Congestion Display Warnings: In this 
situation, the driver is adequately warned. A positive scenario and rewarded with a full weight of 1. 
B.5 - Interrupted Warning Sequence: This can cause drivers to disobey displayed messages. For 
example, a bottleneck is detected downstream, the 4th upstream gantry displays a warning message, the 
3rd does not and the 2nd and 1st do. A driver might disregard the displayed messages as a result of the 
inconsistency. Here, it is considered as a negative scenario and a weight of 1 is awarded.  
 
C - Warnings in Congestion Areas 
C.1 – Warning in Congestion: Although a positive scenario, there is no safety benefit as the driver 
is already caught up in traffic. However, the credibility of the system is enhanced.  The contribution of 
this scenario in estimating the overall quality of the system should be lower than in scenarios B.2 or 
B.4. A weight of 0.5 is awarded. 
C.2 - No Warning in Congestion: Though a negative scenario, it has no effect on traffic safety. 
This condition should be weighted lower than scenario B.1 when there was no warning. A weight of 
0.5 is awarded. 
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Modified QKZ Method for Warning Ability 
The QKZ method uses the ratios of the areas of the message (A), the congestion (E) and the 
intersection (D) in estimating DR and FAR. This same method cannot be applied when considering a 
set of scenarios and their corresponding weightings. However, it is possible to associate each of the 
scenarios with one of these areas. For example, if an appropriate congestion warning has been 
experienced, this can be interpreted as “detection” and assigned to area D. Moreover, if no message is 
displayed although congestion exists, this can be interpreted as “missed detection” and assigned to the 
set E, but not A (i.e. E without A, written as E\A). Finally, if a message is displayed when there is no 
corresponding congestion, this is assigned to the set A, but not E (i.e. A without E, written as A\E). The 
QKZ1 and QKZ2 equations need to be modified to accommodate these assignments. Because D is the 
intersection, A and E can be redefined as in Equations 3 and 4. Taking into accounts all generated 
trajectories, a set of experienced scenarios S1, S2, …, SN with their corresponding weightings wi are 
obtained. The sizes of the areas D, A\E and E\D are computed by summing up all weightings of the 
different scenarios as shown in Equations 5 – 7. By using them, the quality indices can be computed as 
in Equations 8 and 9.     
Implementation of warning ability assessment is done with two modifications. Firstly, in situations 
as in stop-and-go traffic where the experienced traffic state can change within a short time, the 
congested areas are merged. This is done when the distance between the congested regions is less than 
3500 m. This distance is chosen according to the highest distance for which posting advance warning 
is assumed to be reasonable. The second modification is the assessment of the first and last gantries. If 
the first gantry is able to detect congestion downstream, irrespective of the distance, it is assigned to 
scenario B.2. This is because there are no upstream gantries to display messages if the distance is less 
than 300 m. For the last gantry in the segment, no evaluation is done as the traffic situation 
downstream cannot be determined. 
 
 
 
 
 
 
 
 
 
 
 
 
 
4.3 Assessing Harmonization 
Two methods for assessing harmonization are presented. This is based on the ability of the system 
to reduce inhomogeneity in the traffic stream and improve the consistency of the displayed speed 
limits. 
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Speed Inhomogeneity 
Imposing speed limits in stable (free flowing) traffic may cause unnecessary delay to motorist. 
Again, VSL information in unstable traffic (congested situations) is of little importance as drivers are, 
already, unable to travel at their desired speed. Application of VSL to harmonize traffic is deemed 
beneficial only in the metastable traffic state, i.e., flows greater than free flow but with speeds greater 
than congestion speed (Hegyi, De Schutter, & Hellendoorn, 2003; Kerner, 2009). This condition 
occurs when traffic flow exceeds free flow (qmin) but the speeds are still higher than the critical speed 
(Vcrit) for traffic to transit into congestion state. Recommended values for qmin and the Vcrit are 600 
vehicles/h/lane and 60 km/h, respectively (Vukanovic, 2007). Therefore, speed inhomogeneity is 
assessed only in the meta-stable state.  
Method used for the reconstruction of GT has been explained previously.  Figures 1 and 7 show 
GT for speed and flow, respectively for the same traffic condition. By superimposing the two 
matrices, space-time regions with traffic flow exceeding qmin and speeds greater than Vcrit constitute 
the metastable traffic state. From Figure 8, the green, yellow and red regions indicates stable, 
metastable and unstable traffic states for the traffic situation depicted in Figures 1 and 7. 
 
 
 
 
 
 
 
 
 
 
Coefficient of Variation 
Previous studies have used absolute standard deviation of speeds to assess inhomogeneity in traffic 
streams. In order to relate accurately which one of, for example, two different VSL systems is efficient 
in smoothing traffic, the coefficient of variation (CV) is employed. This is because the standard 
deviation (SD) alone gives little information about the relative variability since it is based on the 
sampled data and as such, must be understood in the context of the mean about which they occur. The 
mean speeds of the two locations might be different from each other. The CV is defined as the ratio of 
the SD to the mean speed. A small CV indicates low speed differential. 
Consistency Assessment 
Traffic may be harmonized merely to control vehicle emissions and noise pollution. Because 
drivers need time to react before they get to a bottleneck, speeds should be reduced successively over 
multiple upstream gantries over some distance. In this way, drivers are prepared gradually for the 
downstream incident. Appropriate control of displayed VSL should ensure that sudden speed drops, 
frequent acceleration and deceleration along a road are reduced, thereby reducing speed differential 
longitudinally.  Therefore, the ability of VSL systems to properly coordinate the displayed VSL 
(consistency) could be used as a measure to assess harmonization and is applied here. 
 
Figure 7: Reconstruction of ground truth flow Figure 8: Identification of traffic states 
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Firstly, virtual trajectories are generated as described previously and as these trajectories are 
followed, the variations in displayed speed limits are observed to reproduce the sequence of speed 
limits drivers would have experienced. Analyzing a number of trajectories, 5 scenario types (T.1-T.5) 
as described below were identified as possible encounters by drivers. These scenarios are grouped as 
either desirable or unsuitable to the system. The evaluation of consistency is based on these scenarios.   
 
Classification of VSL Scenarios 
T.1 - Gradual Speed Drop: Systematically reducing traffic speeds ensures a smooth transition from 
high speeds to lower speeds. This ultimately prevents surprises that are likely to be encountered by a 
driver. The variable message signs at the study location display speed limits in multiples of 20 km/h. 
A one step decrement from one gantry to the next is considered appropriate and ensures a gradual 
transition from one speed class to the other.  
T.2 - High Speed Drop: Problems in adapting to a displayed speed limit downstream will arise if 
the decrement is drastic. A high speed drop defined as a drop of more than one step (e.g. from 100 
km/h to 60 km/h) is considered inappropriate.   
T.3 – Constant Speed at Consecutive Gantries: The speed limit displayed at the immediately 
passed upstream gantry may be maintained at the next downstream gantry if the traffic environment 
remains unchanged. Maintaining a constant speed at successive gantries does not bring any adverse 
effect on stability and is considered as appropriate.  
T.4 - Speed Increase: A speed increase is not expected to follow the same pattern at which it was 
decreased. Increasing speeds downstream of a bottleneck may be used to urge drivers to accelerate in 
order to increase the discharge rate at a bottleneck. Therefore, a speed increase (whether gradual or 
rapid) is not considered as undesirable for the system.  
T.5 - Roller Coaster Pattern: Traffic state can change over a short time interval as in stop-and-go 
traffic. Stability in a VSL system is necessary to prevent speed limits from being displayed for very 
short durations. Requiring drivers to accelerate and then to decelerate over a short period does not 
bring any benefit to the system. However, this situation is considered differently from where drivers 
are required to slow down even for a short time because of an incident in a section of the road. The 
latter may have consequences on safety. A “roller coaster” pattern is therefore defined as when speed 
increases last for short times or distances (i.e. if the distance between the last speed increase and first 
speed decrease is less than 3500 m). The distance of 3500 m is chosen according to the highest 
recommended distance within which drivers are able to recall a displayed advance warning on a 
freeway. The roller coaster pattern is considered detrimental to the system.  
 
Aggregating Consistency 
Considering the generated trajectories, a set of all experienced scenarios S1, S2, S3, …, SN is 
realized. The assessment is done based on the successful consistency rate (SCR) and the failed 
consistency rate (FCR). All desirable scenarios types (T.1, T.3 and T.4) are assigned to the set 
successful consistency (SC) and all unsuitable scenarios types (T.2 and T.5) are assigned to the set 
failed consistency (FC). The sizes of SC and FC, expressed as percentages are calculated as in 
Equations 10 and 11, respectively. Virtual vehicles that did not experience any displayed VSL along 
the entire segment are excluded from the analysis.  
 
 
 
 
 
 
ܵܥ ൌ෍ ܫ݀ሼ்Ǥଵǡ்Ǥଷǡ்Ǥସሽሺ ௝ܵሻ 
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Advanced Evaluation Methods for Variable Speed Limit Systems W. Ackaah and K. Bogenberger
660
  
5 Case Study 
The methods developed were used to test the performance of a VSL system on the Autobahn A99 
near Munich. The freeway segment considered is approximately 34 km long three-lane in the 
southbound direction. Data on traffic variables (i.e. speeds, standard deviation of speeds, flow, etc.) as 
well as logged VSL and messages displayed to drivers for the period April – July, 2012 were obtained.  
In order to assess the ability of the system in reducing speed differentials, data for periods when the 
system was off were needed so that comparison can be made between the “on” and “off” cases. Data 
for the 41 days period October 15–25, and November 1–30, 2003 were also available. On October 25 
and November 1–10, 2003, the VSL system was off although traffic data were available. Although the 
2003 data is fairly dated, and traffic characteristics might have changed, it is the only data available to 
enable analysis on the “off” case. Again, it is worth mentioning that, the 2003 data covered a distance 
of 16 km. With the exception of speed differential which was assessed using both the 2003 and 2012 
data, all other features were assessed using the 2012 data.  
Data for 3 days for each month of the 2012 data were randomly selected. For the 2003 data, all 
available information (11 days) of the “off” case was used. Twelve days data were randomly selected 
for 2003 when the VSL system was on. Vcrit  and qmin were set to 60 km/h and 600 vehicles/h/lane, 
respectively . It is worth noting that a sensitivity analysis was carried out on the flow threshold used in 
identifying the traffic state. It was observed that the CV shrinks across the board as the traffic flow 
increases. Trajectories were generated at 5-minutes interval.  
5.1 Incident Detection 
The results of the selected days are as presented in Table 1. Values of QKZ1 ranged from 66.1%-
85.2% and QKZ2 ranged from 12.6%-44.8%. These values, on the quality scale, resulted in grades “A-
C” with the predominant grade being “B”. Practically, the system’s ability to detect incident can be 
said to be good.  
5.2 Warning Ability 
Results for warning ability are also presented in Table 1. QKZ1 and QKZ2 values ranged from 
64.3%-83.1% and 6.7%-58.6%, respectively. Again, these resulted in quality grades of “A-C” which 
can be said to be practically good.  
5.3 Incident Detection verses Warning Ability 
Looking at the QKZ1 and QKZ2 values, it is realized from almost all cases that incident detection 
performed better than warning efficiency. This may be explained by the fact that even after correctly 
detecting congestions, there were still some false alarm warnings.  
5.4 Harmonization Potential 
Speed Differential 
The aggregated CVs for detector stations within the metastable traffic state per day are as 
presented in Table 2. To establish whether the differences between the estimated CVs are significant, 
Welch’s t-test was performed at the 95% confident level. From the results, there was no statistically 
significant difference (p = 0.231) between the “on” and “off” cases in 2003. Failure of a VSL system 
to effectively manage traffic may be due to a high non-compliance rate (Nissan, 2010). Further 
research will analyze the compliance rate of the VSL. The study, however, found a significant 
difference (p < 0.001) in the 2003 and 2012 results when the VSL system was on. There was also a 
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marked difference (p < 0.001) in the “on” case in 2012 and the “off” case in 2003.  However, this 
cannot be attributed to the system as it might be due to changes in the traffic characteristics resulting 
from the time difference, or due to recalibration or change in the implemented harmonization 
algorithm.   
 
Consistency 
Results for successful consistency rates for the selected days are also presented in Table 2. Rates 
ranged from 90.1% - 100.0% with an average value of 93.8% which is practically good.  
 
Table 1: Incident and warning efficiencies on the autobahn A99 near Munich, Germany 
Date 
Incident Detection  Warning Capabilities 
QKZ1 (%) QKZ2 (%) Grade  QKZ1 (%) QKZ2 (%) Grade 
1-Apr-12 67.7 33.5 C  66.6 42.1 C 
19-Apr-12 66.1 12.6 B  64.3 18.2 B 
27-Apr-12 81.4 22.5 B  75 32.3 B 
10-May-12 74.3 44.8 C  68.1 58.6 C 
22-May-12 71.7 13.7 B  69.2 18.2 B 
24-May-12 71.3 15.4 B  77.7 18.4 B 
11-Jun-12 72 25.1 B  70.7 38.8 C 
15-Jun-12 70.6 16.3 B  64.7 22.3 B 
27-Jun-12 79.7 11.8 B  71.7 21.8 B 
5-Jul-12 74.9 26 B  67.1 40.4 C 
9-Jul-12 85.2 13.4 A  83.1 6.7 A 
26-Jul-12 78.9 6.0 A  76.3 9.9 B 
 
Table 2: Consistency and speed differential results on the autobahn A99 near Munich, Germany 
Date 
2012 
Successful 
Consistency Rate 
(%) 
CV          
“ON” 
Date 
2003 
CV         
“ON” 
Date 
2003 
CV         
“OFF” 
1-Apr 100.0 9.7 15-Oct 9.9 25-Oct 10.0 
19-Apr 93.8 9.9 19-Oct 10.0 1-Nov 10.1 
27-Apr 94.2 9.2 17-Oct 10.0 2-Nov 10.4 
10-May 95.7 9.4 22-Oct 10.1 3-Nov 11.1 
22-May 96.4 9.7 24-Oct 9.8 4-Nov 10.9 
24-May 91.8 8.7 11-Nov 11.9 5-Nov 10.6 
11-Jun 92.8 9.4 16-Nov 11.2 6-Nov 10.9 
15-Jun 93.4 9.2 19-Nov 10.9 7-Nov 10.8 
27-Jun 92.7 9.6 23-Nov 11.2 8-Nov 12.5 
5-Jul 90.1 8.7 26-Nov 11.1 9-Nov 11.1 
9-Jul 91.7 8.8 28-Nov 9.1 10-Nov 11.4 
26-Jul 93.5 8.9 30-Nov 10.9 - - 
Average 93.8 9.3 - 10.5 - 10.9 
6 Conclusion 
Methods for assessing VSL systems have been presented. As VSL systems may be implemented 
with different control strategies, an approach for assessing the different features of the system was 
adopted. Methods for assessing 3 features namely incident detection, warning and harmonization 
efficiency were discussed. Incident detection was evaluated based on indices developed from the ratio 
of the space-time coverage of ground truth congestion and congestion information from the system. 
Warning ability of the system was assessed based on the ability of the system to appropriately issue 
warning corresponding to the traffic situation downstream. Harmonization was evaluated based on the 
ability of the VSL system to reduce speed differentials and also convey a coherent picture of the traffic 
situation and prepare drivers progressively for a downstream bottleneck. Assessing VSL systems in 
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this way ensures that problematic component of the system can easily be isolated for remedial 
measures to be applied.   
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